OPTICAL DISC HAVING PITS OF DESIRED TAPER ANGLE 
RACKGRQUND OF TH F. TNVRNTION 

1 . Field of the Invention 

The present invention relates to an optical disc for 
recording information in the form of an array of pits. 
7. Dftscription of Related Art 

Reproducing performance of em information reproducing 
apparatus of an optical disc is defined by NA/X, where NA 
is a numerical aperture of an objective lens and X is a 
wavelength of a beam of a read light- Hence, a recording 
and reproducing density of an optical disc can be improved 
by having a leurger NA and a shorter X. For example, an 
optical disc capable of recording information at a high 
density, known as a DVD (Digital Versatile Disc), adopts an 
optical disc system, wherein X. = 650 nm, NA = 0.6, and a 
thickness (hereinafter, referred to as the light 
transmitting layer thickness) from the main surface to the 
reflection recording surface (information recording layer) 
of the optical disc is 0.6 mm. The DVD is capable of 
recording data of up to 4.7 MB on one surface, which 
corresponds to, for example, NTSC video signals 
approximately two hours long. 

There has been a commercial need for a high -density 
reproduce -only optical disc. In order to record digital 
HDTV videos of one movie (approximately two and a half 
hours = 150 minutes) available through BS (Broadcasting 



Satellite) digital TV broadcasting, a necessary capacity Is 
estimated at 22.5 to 27 GB (gigabytes). 

On the other hand, in an information reproducing 
appeiratus of such a high- density reproduce -only optical 
disc, the so-called focus servo and tracking servo of the 
objective lens are essential in order to write Information 
into or read information from the optical disc in a 
reliable manner. 

The following description will describe a focusing 
servo control method by way of, for example, a phase 
difference method by a reproducing apparatus of a DVD. As 
shown in Fig. 1, a beam of light from an optical pick-up 
device is irradiated and focused on a track of the DVD. The 
pick-up includes, for example, a quadrant photo- detector 1 
as shown in Fig. 2. The quadrant photo -detector 1 is 
provided with an optoelectronic element having 4 -split 
light reception surfaces la through Id split in a track 
direction and a direction perpendicular to the track 
direction. A spot of light is formed on a recording layer 
of the rotating DVD. The optoelectronic element receives 
reflection light from the information read spot on the DVD 
by the respective four light reception surfaces la through 
Id, whereby output ting light reception signals Ra through 
Rd as electric signals correspond to respective quantities 
of reception light by the light reception surfaces la 
through Id, respectively. The light reception signals 
corresponding to the light reception surfaces la and Ic are 
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supplied to an adder 2, and the light reception signals 
corresponding to the light reception surfaces lb and Id are 
supplied to an adder 3- Both the adders 2 and 3 are 
connected to a phase comparator 4, where a computation Is 
performed to obtain an output signal and a tracking error 
detection signal through a low-pass filter. Although it Is 
not shown in the drawing, an RF signal is composed of a sum 
of outputs from the light reception surfaces la, lb, Ic and 

O id. Herein, a phase difference tracking error detection 

O 

S signal is generated based on an asymmetric Intensity 

m 

^ distribution of a spot reflected onto the detector from the 

m 

%| optical disc by a pit. 

^ In an optical disc system of the next generation, 

fll 

there is a demand to apply the phase difference method 
using a quadrant photo -detector to an information 
reproducing apparatus of such a high- density reproduce -only 
optical disc. 

However, when the phase difference method is applied 
to an information reproducing apparatus of a high- density 
reproduce -only optical disc, a reproduction wavelength has 
to be shorter and the NA of the objective lens has to be 
larger as has been discussed above in order to form a 
smaller beam spot of light for a record pit that must be 
made smaller to Increase the capacity of the optical disc. 
Under these conditions, wave front aberration on the 
optical disc poses a problem. 

To be more specific, the wave front aberration is a 



function of a quantity of defocus or an error in the light 
transmitting layer thickness, and is expressed by the 
following eqpiations: 

Wave front aberration = 

(1-(1-(NA of objective lens )^) ^^^) • (Quantity of 
defocus ) / ( Reproduction wavelength ) 
Wave front aberration = 

Const '(NA of objective lens )*•( Error in cover layer 
thickness ) / ( Reproduction wavelength) 

As can be understood from the above equations, the 
shorter the reproduction wavelength and the larger the NA, 
the greater the wave front aberration becomes. For example, 
assume that a quantity of defocus is the same, then the 
optical disc system of the next generation has more than 
three -fold wave front aberration compared with the 
currently used DVD. The wave front aberration adversely 
affects various kinds of signals, and the most noticeable 
example would be a gain fluctuation of a tracking error 
detection signal obtained by the phase difference method 
(hereinafter, referred to as phase difference tracking 
error detection signal). 

With the conventional reproduce -only optical disc 
system, such as a DVD, a quantity of wave front aberration 
caused by defocus and an error in the light transmitting 
layer thickness is sufficiently small even when the phase 
difference method is used, and so are the influences on the 
signals. Hence, a gain fluctuation of the phase difference 



tracking error detection signal should not be a concern • 
However, the gain fluctuation poses a significant problem 
in the next generation optical disc system. 

As has been discussed, when the capacity of an 
optical disc is increased, a gain fluctuation of the phase 
difference tracking error detection signal caused by 
defocus or an error in the light transmitting layer 
thickness becomes an unavoidable problem, and it is 

□ impossible to increase the capacity unless this problem is 

O 

B solved . 

m 

^ OBJECT AND SUMMAR Y OF THK INVENTION 

m 

SA The present invention has been devised to solve the 

^ above problems, and therefore, has an object to provide a 

fU 

1^ next generation optical disc capable of recording data at a 

^ higher density than those in a conventional DVD by using an 

optical system having a larger numerical aperture and 
emitting a reproduce beam of light with a shorter 
wavelength . 

In order to achieve the above and other objects, the 
present invention provides an optical disc including an 
information recording layer where information is recorded 
as an array of pits at a predetermined track pitch, and a 
light transmitting layer formed on the information 
recording layer and having a film thickness of 0.13 mm or 
less, the information recorded therein being reproduced 
upon irradiation of a beam of light having a wavelength 
ranging from 400 nm to 415 nm onto the information 

5 



Li 



D 
Q 
Q 

m 
m 

Si 



lU 



□ 



recording layer through the light transmitting layer from 
an objective lens having a numerical aperture ranging from 
0.75 to 0.86, wherein a taper angle of the pits is 55 
degrees or higher, the taper angle being an angle formed by 
a tapered surface of the pit and a bottom surface of the 
pit . 

In the optical disc of the present invention, the 
taper angle of the pits is 80 degrees or higher. 

In the optical disc of the present invention, the 
taper angle of the pits is an angle formed between a plane 
that is tangential to a tapered surface at a height 
position of a half or nearly half the depth of the pit and 
a bottom surface of the pit. 

In the optical disc of the present invention, the 
track pitch is in a range from 0.280 to 0.325 jxm. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view schematically showing an array of 
pits on an optical disc used for evaluation of crosstalk 
between adjacent tracks in a prior art; 

Fig. 2 is a block diagram showing an arrangement of a 
photo-detecting device in a pick-up; 

Fig. 3 is a graph showing variance in a normal phase 
difference tracking error detection signal; 

Figs. 4A and 4B are graphs showing variance in a gain 
fluctuation of a phase difference tracking error detection 
signal depending on a quantity of defocus in an optical 
disc; 



Fig. 5 is a graph showing a relation of a gain 
fluctuation of a phase difference tracking error detection 
signal versus a pit taper angle in a case where there is no 
error in a light transmitting layer thickness of an optical 
disc; 

Fig. 6 is a graph showing a relation of a gain 
fluctuation of a phase difference tracking error detection 
signal versus a pit taper angle in a case where there is an 

□ error in a light transmitting layer thickness of an optical 

O 

□ disc; 
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Fig. 7 is a graph showing variance in a quantity of 
wave front aberration corresponding to a light transmitting 
layer thickness when there is a disc tilt; and 

Figs. 8A and 8B are views schematically showing the 



y shape of a pit on an optical disc according one embodiment 

^ of the present invention; 

Figs. 9A and 9B are diagrams respectively showing 
examples of waveforms of a desirable tracking error signal 
and a tracking signal obtained from pit trains whose taper 
angle is smaller than a desired value; and 

Fig. 10 is a diagram showing the definition of a 
taper angle when the pit has a curved taper surface. 

DRTATT.RD DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One embodiment of the present invention will be 

described in the following description. 

A simulation was performed with a reproduction 

optical system used in the present invention, wherein a 
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reproduction wavelength was 400 to 415 nm and the NA of the 
objective lens was 0.75 to 0.86 • In the present embodiment, 
the simulation was performed based on a simulation 
computation by the scalar diffraction theory according to 
"Diffraction theory of laser read- out systems for optical 
video discs", J.O.S.A. vol. 69, No. 1, 1979. 

When a phase difference tracking error detection 
signal obtained by the arrangement shown in Fig. 2 is kept 

t in a focused condition, a waveform as shown in Fig. 3 is 

P 

§ shaped. However, in the case of the system described above, 

2 a reproduction wavelength is shorter and the NA of the 

^ objective lens is larger than those of an optical disc, 

M 

« such as a DVD, and for this reason, influences by defocus 



the waveform shown in Fig. 4A changes to the one shown in 
Fig. 4B. 

Herein, the inventor of the present invention paid an 
attention to a taper angle of a pit in terms of the limit 
in manufacturing a high-density recordable optical disc of 
the next generation, and found a relation of a gain 
fluctuation versus a pit taper angle through a simulation. 
The shape of a pit, and in particular, the taper angle will 
be described below in detail. 

Fig. 5 shows a simulation result of a relation of a 
gain fluctuation versus a pit taper angle in a case where 
there is no error in the light transmitting layer thickness 




become significant. Defocus increases a gain fluctuation of 



the phase difference tracking error detection signal, and 



of the disc. The drawing reveals that the gain fluctuation 
depends on a taper angle of a pit. Herein, the gain 
fluctuation occurs when defocus changes up to ±0.2 \xm, and 
wave front aberration caused by this quantity of defocus is 
equivalent to an optical aberration tolerance. The 
definition of a taper angle is, as set forth in Fig. 8A, an 
angle 6 formed by a taper surface 10a of the pit 10 and a 
bottom surface 10b of the pit 10. Furthermore, it is often 
the case that the taper surface of a pit actually has a 
curved cross-section as illustrated in Fig. 10. In such a 
case, the taper angle can be defined as cm angle 6 formed 
between a plane P tangential to the tapered surface at a 
height position substantially half of the depth D of the 
pit and the bottom surface. 

Also, in Fig. 5, several pit widths are given but 
width influences are hardly observed. Hence, once a taper 
angle of a pit is determined, it is possible to obtain a 
satisfactory phase difference tracking error detection 
signal that does not have any gain fluctuation. A quantity 
of gain fluctuation that does not affect reproduction is 
assumed to be up to -1 dB, and as is obvious from Fig. 5, a 
practically applicable pit taper angle is 55 degrees or 
higher. When the taper angle is below 55 degrees, the 
amplitude of the tracking error signal fluctuates, for 
example, as illustrated in Fig. 9B in contrast to a 
desirable tracking error signal depicted in Fig. 9A. This 
type of fluctuation of the amplitude is particularly 



disadvantageous for operations of the pickup which involve 
track- jumping . 

Hence, it can be concluded that by setting the taper 
angle of a pit to 55 degrees or higher, it is possible to 
obtain a stable phase difference tracking error detection 
signal unaffected by defocus. 

The above description described a case where there is 
no error in the light transmitting layer thickness, and the 
P following description will describe a case where there is 

O an error in the light transmitting layer thickness. 

Because a reproduction wavelength is short and the NA 
\l of the objective lens is large in the system of the above 
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described case, influences by an error in the light 
transmitting layer thickness are significant as with the 
influences by defocus. Hence, in a case where there is an 
error in the light transmitting layer thickness, it is 
assumed that a gain fluctuation caused by defocus will be 
greater. Thus, a simulation was perfoinned as to a relation 
of a gain fluctuation versus a pit taper angle in a case 
where the light transmitting layer thickness of the disc 
had an error of ±7 \ua, and the result is set forth in Fig. 
6- Herein, the error in the light transmitting layer 
thickness is ±7 |jim, and the wave front aberration is 
equivalent to an optical aberration tolerance. 

Fig. 6 reveals that a gain fluctuation becomes 
greater. However, the gain fluctuation depends on a taper 
angle as in the case where there is no error in the light 
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tremsmitting layer thickness. Several pit widths are also 
given in the case of Fig. 6, but influences etre hardly 
observed, either. Consequently, it is understood that, even 
when there is an error in the light transmitting layer 
thickness, by merely setting a taper angle, it is possible 
to obtain a satisfactory phase difference tracking error 
detection signal having no gain fluctuation. Also, as is 
obvious from Fig. 6, by setting a taper angle of a pit to 
80 degrees or higher, it is possible to obtain a more 
stable phase difference tracking error detection signal 
affected by neither defocus nor an error in the light 
transmitting layer thickness. 

Further, besides the wave front aberration caused by 
defocus and an error in the light transmitting layer 
thickness, influences by a disc tilt have to be concerned. 

The wave front aberration caused by a disc tilt is 
also expressed by the following equation: 

Wave front aberration = 

Const* (NA of objective lens ) ^ •( Cover layer 
thickness ) • ( Disc tilt ) / { Reproduction wavelength ) 

The wave front aberration also becomes greater as the 
NA of the objective lens is larger and as the reproduction 
wavelength is shorter. 

As a countermeasure, the light transmitting layer 
thickness is made thinner. Thus, a simulation was performed 
as to a relation of the light transmitting layer thickness 
versus a quantity of wave front aberration when disc tilt 



was 0.7*" in the optical disc system of the present 
embodiment, and the result is set forth in Fig. 7, As is 
obvious from Fig. 1, given a consideration to the fact that 
the system is judged as satisfactory when a quantity of 
wave front aberration is suppressed to a leviBl of the wave 
front aberration (straight line B) of a DVD, a light 
transmitting layer thickness of 0.13 mm or less is 
sufficient for the optical disc system of the present 
invention (curve A). Herein, the straight line B of a DVD 
is the result obtained in a case where the wavelength is 
650 nm, NA is 0.60, and the light transmitting layer 
thickness is fixed to 0.6 mm. 

The above description described a case where a pit 
(concave pit) is formed at the back of a land as viewed 
from the reproduction optical system as shown in Fig. 8A. 
It should be appreciated, however, that the present 
invention is applicable in a case where a pit (convex pit) 
is formed at the front of the land as shown in Fig. 8B. 
Also in this case, the taper angle is an angle formed by a 
taper surface 10a of the pit 10 and a bottom surface 10b of 
the pit 10. 

The above description described the phase difference 
tracking error detection signal obtained by the arrangement 
shown in Fig. 2. It should be also appreciated, however, 
that the present invention is not limited to the foregoing 
arrangement, and can be applied to tracking error detection 
signals of other methods found by using a phase difference 



among signals obtained by a mult 1- spilt detector. 

As has been discussed, by setting a taper cingle of a 
pit recorded In a disc to 55 degrees or higher. It Is 
possible to obtain a stable phase difference tracking error 
detection signal unaffected by defocus even In a large - 
capacity reproduce -only optical disc system using a blue 
light source and an objective lens having a large NA. Also, 
by setting a taper angle of a pit to 80 degrees or higher. 
It Is possible to obtain a stable phase difference tracking 
error detection signal affected by neither defocus nor an 
error In the light transmitting layer thickness. 

In the case of recording the pits, a resist Is 
applied on a master disc at the mastering of an optical 
disc by an electron beam recorder, for example, and the 
master disc is exposed as an electron beam is Irradiated 
while the master disc Is rotated, after which the resist is 
developed. As a result, concave portions corresponding to 
pits are formed at exposed portions . In the process of 
forming the concave portions, that is the pits, it is 
possible to realize a desired taper angle by adjusting 
parameters such as the thickness of the resist layer, the 
exposure time of the electron beam, and the like. 

As has been discussed, the optical disc of the 
present invention can suppress a gain fluctuation of a 
phase difference tracking error detection signal by setting 
a taper angle of a pit recorded in the disc to 55 degrees 
or higher, thereby m6Ucing it possible to increase an 
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information recording density drastically compared with a 
DVD. 

This application is based on Japanese Patent 
Application No, 2000-382380 which is herein incorporated by 
reference . 



14 



